I. Young adult female albino rats were given 20, 40, 60, 80, and 100% raw egg white powder in their diet; controls were fed on laboratory chow. Daily clinical measurements were made for z weeks. The rats were then killed, and the weights and water contents of various organs were determined.
The objective of this investigation was to determine the clinical and pathological effects of increasing amounts of spray-dried raw egg white powder in the diet of young albino rats. The egg white powder used was similar to that incorporated into standard diets for the production of biotin deficiency syndromes in weanling albino rats, for example by Rubin, Drekter & Moyer (1945) .
I n recent studies published from this laboratory, young adult albino rats were fed on the biotin-deficient diet of Rubin et al. (1945) and given a challenging daily oral dose of benzylpenicillin (Boyd & Sargeant, 1962) or caffeine . A fulminating reaction appeared and most of the animals died within a week. Subcutaneous biotin supplementation had little or no effect upon the lethal reaction, which appeared to be due to some factor or factors in the synthetic diet other than biotin deficiency. A feature of the biotin-deficient diet is that it contains 30% of dried raw egg white powder; it appeared possible that the fulminating reaction was related to the toxic effects of raw egg white rather than to biotin deficiency.
A review of the early literature on biotin deficiency disclosed that most authors, such as Gyorgy (1939), Bell, Davidson & Scarborough (1953) and White, Handler & Smith (1964), credit Bateman (1916) as having discovered this syndrome. On checking Bateman's ( 1 9 1 6 ) report, it was found that he used 'large, healthy, white rats' and gave them a diet containing from 20 to 80% of raw egg white mixed with milk powder, bread meal and lard in unspecified amounts. T h e animals quickly developed anorexia, diarrhoea and loss of body-weight from the larger amounts of raw egg white, 802 J. M. PETERS I967 with some tolerance appearing after 7-10 days. Tscherkes (1927) and Maignon & Chahine (1931) used a diet containing 100% raw egg white and produced deaths within 3-5 days.
Boyd, Peters & Krijnen (1966) calculated that young adult male rats would eat some 30-50 g of egg white powder per kg body-weight per day to obtain a calorie intake equivalent to that from Purina laboratory chow (Ralston Purina Company Limited, Woodstock, Ontario, Canada). They then found that a dose of IOI f 6 g/kg of spraydried raw egg white powder, reconstituted with water and given intragastrically to young adult male rats on an empty stomach, killed 50 yo of the animals within 3-6 h.
It is apparent, therefore, that toxicity due directly to raw egg white must be clearly differentiated from the biotin deficiency syndrome produced by feeding raw egg white powder. Boas (1927) was able to produce a biotin deficiency because she happened to select 30 % raw egg white in the diet. As will be shown below, and as found originally by Gyorgy (1939), adult rats tolerate this level of dietary egg white reasonably well but, as originally recorded by Boas (1927), weanling rats develop biotin deficiency. The distinction appears to have been originally appreciated, at least in part, by Parsons (193 I) when she distinguished an 'early nutritive disaster' and a later vitamin deficiency syndrome in weanling rats receiving a diet containing 66 % raw egg white.
E X P E R I M E N T A L
Expt I. Female albino rats of a Wistar strain were used. They had been bred in this department and raised on Purina laboratory chow. The numbers of animals, their body-weights and the composition of the diets are given in Table I .
The rats were housed separately in metabolism cages and transferred daily to clean cages. The diet was offered in a non-spilling feeding device. Body-weight, food and water intake and urine output were measured daily. The pH of urine and its protein and glucose contents were determined with Ames Combistix (Ames Company of Canada, Limited, Toronto, Ontario, Canada).
Daily clinical measurements were made for 14 days. The animals were then killed with chloroform, and the weight and water content of the organs listed in Table 4 were determined. Contents of the lumen of the gastro-intestinal tract were removed by a standardized washing and milking technique before weighing. The sample of muscle was the left half of the muscle layer of the ventral abdominal wall. The organs were dried to constant weight in a Fisher forced-draft constant temperature (isotemp) oven at 96". Suitable portions of skin and of homogenized carcass were taken for water analysis.
14 g (mean f SD) body-weight were divided into five groups and fed on the same diets as the females in Expt I for 2 weeks; thirty-four other males of 108 15 g body-weight were fed for 4 weeks as shown in Table 2 . Daily clinical measurements were omitted since they are included in Expt 3.
At the end of each experiment, the animals were killed with chloroform, the carcasses were treated as described for Expt I and the results compared with those obtained for females in Expt I. Expt 2. Forty young male rats of 104
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J. M. PETERS I967 Expt 3. Forty-seven young male rats weighing 133 f 11 g were divided in five groups for measurement of the effect of biotin supplementation, heat denaturation of egg white, and of corresponding high intake of another protein, casein, as shown in Table 3 . The high-protein diets were the same as that received by group 4 in Table I , except for changes in the protein fraction as indicated in Table 3 . Animals in the group 2 were given IOO pg biotin subcutaneously every 2nd day. T h e egg white diet of group 3 was denatured by autoclaving with steam and pressure for I h. The casein of diet 4 was Vitamin Free Test Casein (General Biochemicals Incorporated, Chagrin Falls, Ohio). All diets contained vitamin supplements as shown in Table I .
The animals were treated as in Expt I for 14 days except that the urine was not analysed and the urinary volume was not measured for group 5. The animals were killed after 14 days and the same measurements made as in Expt I ; in addition, the weights of the contents of the stomach, small bowel, caecum and colon were recorded.
R E S U L T S Expt I
Clinical observations. Clinical signs of toxicity increased with increasing amounts of raw egg white powder in the diet fed to female rats for a period of 2 weeks. The most sensitive measurement was urinary volume which was significantly increased by some 50 yo in rats receiving 20 yo egg white and rose to sixfold when egg white powder reached 80 %. Urinary protein output, expressed as mg/kg body-weight per day, increased with increase in the diuresis. Urinary pH, reaching 9 in all rats receiving egg white, was significantly higher than the p H of 6-8 observed in the controls fed on laboratory chow. The diuresis was accompanied by an increase in water intake as shown in Fig. I for results collected on the 15th and 11th days of feeding. These days were selected because on them the food intake, which influences water consumption (Strominger, 1946-7), was almost equal in the several groups.
Food intake was not significantly lowered until raw egg white powder reached 80 yo of the diet. At this point growth was significantly inhibited. Rats fed on 100% egg white exhibited marked anorexia and loss of body-weight.
Soft stools appeared in animals receiving diets containing 60 and 80 yo raw egg white powder and at IOO % there was a frank diarrhoea. The latter animals had glycosuria and one of the twelve rats died.
Autopsy observations. As the proportion of egg white was increased in the diet, there occurred a progressive decline in carcass weight compared with that in controls fed on laboratory chow. There was loss of absolute wet weight in all organs except brain, cardiac stomach, kidneys and submaxillary salivary glands. At 20 yo dietary egg white there were significant losses in wet weight of caecum, colon and liver. As the proportion of dietary egg white increased there appeared resistance to further loss of weight in the alimentary organs and at IOO yo egg white the absolute weight of caecum and salivary glands had actually increased. I n the latter animals there was marked loss of weight in most other organs, particularly in the ovaries and thymus gland.
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Significant dehydration was recorded in all organs except cardiac stomach, kidneys, skin and thymus gland from feeding one or more proportions of egg white. Dehydration of the brain did not appear until the proportion reached IOO %. were averaged, there was found to be significant dehydration of skin and thymus gland. Dehydration appeared in animals receiving 20% raw egg white, and higher dietary proportions did not apppreciably augment the dehydration. Loss of wet weight, therefore, was due in part to loss of tissue water (see Table 4 ).
Expt 2
Increasing percentages of dietary raw egg white powder inhibited growth somewhat less in males than in females, as shown in Table 2 . T h e relationship of organ weight, expressed as a percentage of carcass weight in autopsies at 14 and 28 days, to increasing 806 J. hl. PETERS I967
proportions of dietary egg white is illustrated in Fig. 2 . Loss of absolute organ weight was less extensive in males than in females. The absolute weight of some organs was increased; for example that of salivary glands and kidneys in male rats receiving 80 % raw egg white powder. The organs of males were less dehydrated than were the organs of females. Changcs in rats fed on raw egg white powder are expressed as mean percentage change from the animals fed on chow. Means that diffcred at P = o.og-o.oz from corresponding means for rats fed on chow are indicated by one asterisk and at P S 0.01 by two asterisks.
ExPt 3
The clinical measurements are summarized in Table 3 . All diets containing 80 % protein produced a marked diuresis. Water intake was increased by an amount approximately equal to the increase in urinary volume. T h e calorie intake was the same in all groups. Growth rate, however, was significantly lower in rats receiving raw egg white powder, with or without biotin supplementation, than in rats receiving denatured egg white, casein, or laboratory chow.
Weights at autopsy are summarized in Table 5 . Compared with laboratory chow, the diet of 80 yo casein produced a loss of absolute weight in the tissues and luminal contents of the caecum and colon and a gain in absolute weight of kidneys and liver.
T h e absolute weights of organs in rats receiving denatured egg white differed in some instances from those in rats receiving casein as noted in Table 5 . I n rats receiving raw egg white powder, with or without biotin supplements, there was loss of absolute weight in all organs except brain and salivary glands; caecum and colon weighed more than in rats fed on casein but less than in rats fed on laboratory chow. There were other lesser differences as noted in Table 5 .
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Compared with laboratory chow, 80% casein produced a dehydration of many organs which was significant in caecum, colon, muscle, spleen and salivary glands. All three egg white diets had similar effects, which consisted essentially in elimination of most of the dehydration produced by casein. The sign of the correlation coefficient is not indicated when the best-fitting equation was parabolic.
D I S C U S S I O N
The results of this study showed that inclusion of as little as 20 % raw egg white powder, but particularly of 80 yo or more, in the diet produced measurable signs of acute toxicity in adult female and young male rats. Bateman's (1916) original description of reduced food intake, weight loss, some development of tolerance after 7-10 days, soft stool and diarrhoea was confirmed in the present study and extended to include other clinical and pathological measurements. The results indicate that the toxicity syndrome originally reported by Bateman (1916) was not due to biotin deficiency, but to the direct toxicity of raw egg white powder. When adult rats received 80% or more in their diet, it produced an acute toxicity syndrome and sometimes death. The toxic effects were not lessened by a 808 J. M. PETERS I967 biotin supplement, but were significantly decreased by heat denaturation of the raw egg white powder. Diets containing 80% of the denatured egg white were no more toxic than diets containing 80% casein which were well tolerated, judged by the criteria used, although changes occurred, for example in certain organ weights and water levels. 1 Net body-weight at autopsy is body-weight at autopsy minus the total weight of gastro-intestinal contcnts. Net body-weight at autopsy and weight of intestinal contents for rats fed on casein are expressed as mean values (9) SD. It may be calculated that animals given diets containing 80% or 100% raw egg white powder ate some 40-50g/kg body-weight of this powder per day. The daily consumption was, therefore, about one-half the oral lethal dose of raw egg white powder found by Boyd et aE. (1966) . It might be expected that some of the signs of acute toxicity would be produced by these amounts of raw egg white powder. The following signs were common to both experiments : diarrhoea, anorexia, loss of VOl. 21 Raw egg white toxicity 809 body-weight, polydipsia, diuresis, proteinuria, alkalinuria, dehydration of body organs and death. Finally, it is apparent that the results of this study can explain the augmented susceptibility of adult albino rats to the toxic effects of benzylpenicillin, reported by Boyd & Sargeant (1962) , and of caffeine reported by , when the food of rats was changed from laboratory chow to the raw egg white, biotin-deficient diet. The fulminating lethal reactions which followed change of diet could have been due to a combination of the sublethal toxic effects of raw egg white and of benzylpenicillin or caffeine, sufficient to kill the animals. 
